"Express mail no. ev335396355us 



ROTOR STRUCTURE OF INTERNAL MAGNETIC MOTOR 



Patent number: 
Publication date: 
Inventor: 
Applicant: 
Classification: 

- international: 

- european: 

Application number: JP1 99800031 89 19980109 



JP1 1206051 
1999-07-30 

MIYAMOTO TADAHIRO; SATO AKIHIDE 
YASKAWA ELECTRIC CORP 

H02K1/27; H02K1/30; H02K21/14 



Abstract of JP1 1206051 

PROBLEM TO BE SOLVED: To make a reluctance torque large, without lowering the 
permeability of a q-axis magnetic flux path of rotor core, even under a loading conditions, arid 
to improve motor output while keeping the tightening effect of the rotor core as it is. 
SOLUTION: In a rotor structure of an internal magnetic motor, in which a field permanent 
magnet 2 is inserted to a magnet inserting hole 1a formed at the inside of a rotor core 1 which 
is formed by laminating electromagnetic plates and then caulking them, the position of caulking 
part 3 of the laminated electromagnetic steel plate is located at an area which does not affect 
the repulsive operation of armature in the q-axis direction of the rotor A bridge 5 is provided on 
the magnetic pole center axis dividing the magnet inserting hole 1a into two sections, and the 
caulking porting 3 is provided on the bridge 5. As a result, the reduction in the permeability of 
the upper part of magnet of rotor core can be set to a minute value and the magnetic 
characteristic (permeability) of this part can be reduced deliberately by providing the caulking 
portion of the bridge and amount of permanent magnet to be reduced by reducing leakage 
magnetic flux of magnet. 
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luctance torque large, without lowering the 
)f rotor core, even under a loading conditions, and to 
itening effect of the rotor core as it is. 
kuLU 1 1UIN: in a rotor structure ot an internal magnetic motor, in which a field permanent 
magnet 2 is inserted to a magnet inserting hole la formed at the inside of a rotor core 1 which is 
formed by laminating electromagnetic plates and then caulking them, the position of caulking 
part 3 of the laminated electromagnetic steel plate is located at an area which does not affect the 
repulsive operation of armature in the q-axis direction of the rotor. A bridge 5 is provided on the 
magnetic pole center axis dividing the magnet inserting hole la into two sections, and the 
caulking porting 3 is provided on the bridge 5. As a result, the reduction in the permeability of 
the upper part of magnet of rotor core can be set-to a minute value and the magnetic 
characteristic (permeability) of this part can be reduced deliberately by providing the caulking 



portion of the bridge and amount of permanent magnet to be reduced by reducing leakage 
magnetic flux of magnet. e 6 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the Rota 
structure which limited the processing position of the caulking about the Rota structure of an 
inner ** type motor. 
[0002] 

[Description of the Prior Art] Conventionally, the Rota laminating magnetic-steel-sheet 
conclusion method of an inner ** type motor is shown in drawing and drawing 5 . In drawing 4 
, the Rota core structure in four poles in the former and with a center bridge and drawing 5 show 
the Rota core structure without six poles in the former and a center bridge, and, for a laminating 
rotor core and la, as for a field permanent magnet and 3, a magnet insertion hole and 2 are [ 1 / 
the caulking section and 5 ] the bridge sections. Rota o f this inner * * type mot o r is a cylindrical 
shape-like, and is the structure which inserted the field permanent magnet 2 in magnet insertion 
hole la formed in the rotor core 1 interior which carried out the laminating of the magnetic steel 
sheet, and was closed in the caulking section 3. In the former, the caulking section 3 for 
preventing one-sheet magnetic steel sheet [ one sheet ] ****** was set up an outside (in the case 
of drawing 4 ) or an outside, and inside (in the case of drawing 5 ) the field permanent magnet 2. 
[0003] 

[Problem(s) to be Solved by the Invention] However, with the conventional technology, when 
caulking processing is performed to the core core of the outside of the field permanent magnet 2, 
the processing strain at the time of press Working of sheet metal receives the history of magnetic- 
properties degradation, only in the case of magnet magnetic flux, the magnetic flux which passes 



along the core of the time of a no-load, i.e., the aforementioned field permanent magnet exterior, 
comes to show the magnetic-flux distribution of this portion to drawing 6 (a), flux density is 0.5- 
0/7 [T], and even if there is degradation of the magnetic properties by processing strain, the 
decline in permeability is not ** so much However, at the time of a load, when it comes to be 
shown at drawing 6 (b) and there is armature reaction of q shaft orientations, a magnetic-flux 
distribution becomes the high flux density of 1 .8-2.0 [T], and there is decline in permeability 
remarkably. For this reason, by the inner ** type motor made to generate reluctance torque using 
this armature reaction magnetic flux, there was a problem of leading to the fall of generating 
torque. In addition, four are a stator among drawing 6 . Then, the purpose of this invention does 
not have the permeability fall of q shaft magnetic-flux magnetic path of a rotor core at the time 
of a load, and reluctance torque is made greatly, and the conclusion effect of a rotor core remains 
as it is, and it is in raising a motor output. 
[0004] 

[Means for Solving the Problem] in order to solve the above-mentioned problem - this invention 
- a magnetic steel sheet - a laminating — carrying out - let the position of the caulking section 
of a laminating magnetic steel sheet be the place which does not have influence in the armature 
reaction of q shaft orientations of Rota in the Rota structure of the inner ** type motor which* 
inserted the field permanent magnet in the magnet insertion hole formed in the closed Rota 
incore section The following structure is mentioned as a mode of operation in this case. 

(1) Prepare the bridge section on the magnetic pole medial axis which carries out the 
aforementioned magnet insertion hole for 2 minutes, and prepare the aforementioned caulking 
section in this bridge section. 

(2) Prepare the bridge section in the ends of the aforementioned magnet insertion hole, extract 
for preventing the magnetic-flux disclosure to the circumferential direction of Rota further, 
prepare a hole, and prepare the aforementioned caulking section in the aforementioned bridge 
section and the position close to the omission hole for magnetic-flux disclosure prevention. 

(3) Give the position of caulking of the laminating magnetic steel sheet which prepared the 
caulking section on the magnetic pole medial axis which carries out a magnet insertion hole for 2 
minutes in the yoke portion of the magnet insertion hole lower part of the aforementioned rotor 



core to the place which does not have influence in the armature reaction of q shaft orientations of 
Rota. By the above-mentioned means, magnetic-properties degradation by processing strain does 
the next operation so on the output characteristics of a motor by being generated in the bridge 
section which needs magnetic saturation.' 

(1) Make very small decline in the permeability of the magnet upper part of a rotor core. 

(2) A permanent magnet input can be reduced by reducing the magnetic properties (permeability) 
of this portion intentionally, and lessening magnetic magnetic leakage flux by preparing the 
caulking section in the bridge section. 

(3) Also cause a hardening operation of this portion simultaneously and caulking processing of 

the bridge section raises centrifugal-force-proof intensity for it. 
[0005] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained 
with reference to an example. Drawing 1 (a) and (b) show the 1st and 2nd examples of this 
invention, and all show the case four poles and with a center bridge. For 1, in these drawings a 
lammating rotor core and 1 a of a permanent magnet insertion hole and 2 are [ a field permanent 
magnet and 3 ] the caulking sections. Moreover, the medial axis of magnet magnetic flux is 
called d shaft, and q shaft is set as the direction which intersects perpendicularly with this 
magnetically. When it passes at the time Iq of a load, i.e., q shaft current, armature reaction 
ma gnetic-flux phiq flows. In the 1st example of drawing 1 (a ), the caul king section 3 was formed- 



in the bridge section 3, and it has prepared near the bridge section 5 (outside) in the 2nd exampL 
of dmwingj. (b) so that this magnetic path may not be started. Drawing shows the 3rd example 
which is a case without six poles and a center bridge, in this example, in order to improve a rotor 
core conclusion operation, is the magnet inside of the rotor core 1, and has formed the caulking 
section 3 in the portion located on d shaft. 

[0006] Drawingi shows the current —-torque characteristic of an inner - type motor The 
reluctance torque from which Tm produces the generating torque by magnet magnetic flux and 
Tr by the armature reaction magnetic flux of a motor, and T are the torque of the inner ** type 
motor which added the magnet torque Tm and the reluctance torque Tr. The aforementioned , 
current — is the phase contrast of the induced-voltage vector of a motor, and a current " 



phasor, + side is the case where the current phasor is progressing to the induced- voltage vector, 
and - side is the case of being conversely behind. Since the reluctance torque Tr serves as a 
period of double precision to the magnet torque Tm, it changes with current ****** gamma, and 
the inner ** type motor torque T which is synthetic torque progresses, and serves as the 
maximum point (point controlling optimally) at nearly 45 degrees of angles. And drawing 3 is 
decline in the permeability in a magnetostriction, and if the fall of the reluctance torque Tr 
occurs, it shows that the motor torque T falls by the advancing side of current ******. 
[0007] 

[Effect of theJnvention] Since according to this invention there is no permeability fall of q shaft 
magnetic-flux magnetic path of a rotor core at the time of (1) load and reluctance torque is 
greatly made as stated above, the conclusion effect of a rotor core remains as it is, and can 
improve a motor output. 

(2) By hardening of the bridge section, the centrifugal- force-proof intensity of a rotor core 
improves, and the high-speed rotation more than before is attained. 

(3) According to the effect of a permeability fall of the bridge section, a deployment (reduction 
of a magnet input) of an expensive permanent magnet can be performed, and the cost cut of a 
motor can be performed. 



CLAIMS 



[Glaim(s)] 

[Claim 1] a magnetic steel sheet ~ a laminating ~ carrying out - the Rota structure of the inner 
** type motor characterized by making the position of the caulking section of a laminating 
magnetic steel sheet into the place which does not have influence in the armature reaction of q 
shaft orientations of Rota in the Rota structure of the inner ** type motor which inserted the field 



permanent magnet in the magnet insertion hole formed in the closed Rota incore section 
[Claim 2] Rota structure of the inner ** type motor according to claim 1 characterized by having 
prepared the bridge section on the magnetic pole medial axis which carries out the 
aforementioned magnet insertion hole for 2 minutes, and preparing the aforementioned caulking 
section in this bridge section. 

[Claim 3] Rota structure of the inner ** type motor according to claim 1 characterized by having 
prepared the bridge section in the ends of the aforementioned magnet insertion hole, having 
extracted for preventing the magnetic-flux disclosure to the circumferencial direction of Rota 
further, having prepared the hole, and preparing the aforementioned caulking section in the 
aforementioned bridge section and the position close to the omission hole for magnetic-flux 
disclosure prevention: 

[Claim 4] Rota structure of the inner ** type motor according to claim 1 characterized by 
preparing the caulking section on the magnetic pole medial axis which carries out a magnet 
insertion hole for 2 minutes in the yoke portion of the magnet insertion hole lower part of the 
aforementioned rotor core. 



